13" API oil. However, the previous operator was unable to develop profitably this marginal portion of the Midway-Sunset field using standard enhanced oil recovery technologies and chose rather to leave nearly 3.0 MMBO of oil in the ground that otherwise might have been produced from the 40 ac property. Only 927 MBO had been produced from the property when it was shut-in in 1987. This is less than 15% of the original oil-in-place, which is insignificant compared to typical heavy oil recoveries in the Midway-Sunset field of 40 to 70%. Target additional recoverable oil reserves from the 40 ac property are 2.9 MMBO. The objective of the demonstration project is to encourage a similar incremental increase in production in all other marginal properties in the Midway-Sunset and adjacent fields in the southern San Jaoquin Basin.
The producibility problems thought to be responsible for the low recovery in the Pru Fee property are: (a) the shallow dip of the bedding, (b) complex reservoir structure, (c) thinning pay zone, and (d) the presence of bottom water. The project will use tight integration of reservoir characterization and simulation modeling to overcome these problems. If the demonstration project is successful, this methodology may be applied to other economically marginal reservoirs that have similar producibility problems.
Summary of Technical Progress
The project was initiated during this reporting period. Nevertheless, the work has progressed on schedule along a number of parallel tracks.
Literature compilation
A project bibliography was assembled during the first weeks of the project to assist the project team with reviewing the existing literature dealing with slope and basin clastic (Class 111) reservoirs, the regional geology of the southern San Jaoquin Basin, and the petroleum geology of the Midway-Sunset Field and similar oil fields in southern California. The bibliography was developed from GeoRef TM and the personal libraries of the project team members. It is organized using EndNoteB and will be released as part of the overall project database in both an EndNoteB and a "rich text" format.
Assembly of digitized log suites
A project area is defined as the Pru Fee property and a corridor 500 ft in width surrounding the property. Within the project area 135 wells have been identified for which some type of log data is available. Ninety of the wells have digital logs. The location of the wells have been verified and the quality of the logs checked by Mike Simmons of ARC0 Western Energy (AWE). Those logs that had not already been loaded into a TerraStationTM database were added to the project file. Logs not currently in the AWE database have been requested. These additional log suites will be digitized and added to the project database. The existing electronic database was transferred to the other team members responsible for carrying out the stratigraphic analysis.
Development of a stratigraphic framework
In advance of developing a reservoir model for the Pru Fee demonstration site, the stratigraphy of the project site is being characterized in considerable detail. The goal is to (a) develop a three dimensional representation of the major sand bodies and intervening barriers, (b) delineate the sedimentary facies and depositional setting, and (c) tie lithologic and petrophysical properties of the rocks to the geometric and depositional framework. Key to developing the stratigraphic model is correlation of log responses in the wells within the project area to the new production well drilled, cored and logged during the latter half of September. The project well log files (TerraStationTM database) that were transferred to Dr. Douglas Sprinkel in Salt Lake City have been examined and initial correlations made. However, the stratigraphic analysis will begin in earnest only after the new producer well logs and core analyses are available in late October.
Install lease production facilities
In preparation for the cyclic injection and production baseline tests at the demonstration site, the site has been resurveyed, the PLC panel has been upgraded with new dynamic surveillance s o h a r e , many of the flowlines have been replaced, the production header has been repaired and modified, and a nearby idle fresh water knockout (FWKO) has been converted to the Pru wet lact. Work has begun to convert the old Pru wet lact to a well tester. Under the supervision of Robert Swain (AWE), this task is nearly complete.
Return wells to production
Idle wells already on the Pru demonstration site have been inspected, repaired and equipped as injectiodproduction wells for the baseline tests. This task is complete.
Drill producer and observation wells
A new production well and an observation well near the center of the demonstration site were planned, permitted and drilled. The wells were completed and equipped in late September. The producer, Well No.101, will be steamed for the baseline tests. The adjacent observation well is equipped for temperature monitoring during the steaming. A core was removed from the producer well with over 80% recovery. Missing intervals were subsequently sampled with sidewall cores. This task is now complete.
Reservoir characterization
Initial "trial" reservoir simulations have been started by Dr. Milind Deo and his graduate student Hong Mei Huang to examine model sensitivities for the Pru Fee demonstration site. Using reasonable reservoir properties for the Upper Monarch sand in the Midway-Sunset field provided by Robert Swain of A W E preliminary simulations were performed to assess the effect of bottom water on cyclic and steam flood processes. The geometric parameters match closely what is know known about the demonstration site in the Pru Fee property and conventional A W E production methods. The initial models found that in both the cyclic steam and the steam flood processes, the presence of bottom water decreased production, but not significantly. This was due to heat losses to the water zone. In general, the bottom water has lesser impact on the steam flood process than on the cyclic process. The reservoir simulations are continuing as more site specific data are made available from other team members in the course of the ongoing stratigraphic and reservoir modeling studies.
The optimal software strategies for three dimensional (3-D) representation of the reservoir are being investigated by Dr. Craig Forster in advance of completion of the stratigraphic modeling.
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M1. Program/Standard AnnouncemenVDistribution
b j ec tive
This project will reactivate ARCO's idle Pru Fee lease in the Midway-Sunset field, California and conduct a continuous steamflood enhanced oil recovery demonstration aided by an integration of modern reservoir characterization and simulation methods. Cyclic steaming will be used to reestablish baseline production within the reservoir characterization phase of the project. During the demonstration phase, a continuous steamflood enhanced oil recover will be initiated to test the incremental value of this method as an alternative to cyclic steaming. Other economically marginal Class I11 reservoirs having similar producibility problems will benefit from insight gained in this project. The objectives of the project are: (1) to return the shut-in portion of the reservoir to commercial production; (2) to accurately describe the reservoir and recovery process; and (3) to convey the details of this activity to the domestic petroleum industry, especially to other producers in California, through an aggressive technology transfer program.
The 40 ac Pru Fee property is located in the super-giant Midway-Sunset field and produces from the late Miocene Monarch Sand, part of the Monterey Formation. The Midway-Sunset Field was drilled prior to 1 890. In 199 1 cumulative production reached two billion barrels, with remaining reserves estimated to exceed 695 MMBO. In the Pru Fee property, now held by ARC0 Western Energy, cyclic steaming was used to produce 13" API oil. However, the previous operator was unable to develop profitably this marginal portion of the Midway-Sunset field using standard enhanced oil recovery technologies and chose rather to leave nearly 3.0 MMBO of oil in the ground that otherwise might have been produced from the 40 ac property. Only 927 MBO had been produced from the property when it was shut-in in 1987. This is less than 15% of the original oil-in-place, which is insignificant compared to typical heavy oil recoveries in the Midway-Sunset field of 40 to 70%. Target additional recoverable oil reserves from the 40 ac property are 2.9 MMBO. The objective of the demonstration project is to encourage a similar incremental increase in production in all other marginal properties in the Midway-Sunset and adjacent fields in the southern San Jaoquin Basin.
The producibility problems thought to be responsible for the low recovery in the Pru Fee property are: (a) the shallow dip of the bedding, (b) complex reservoir structure, (c) thinning pay zone, and (d) the presence of bottom water. The project will use tight integration of reservoir characterization and simulation modeling to overcome these problems. If the demonstration project is successfbl, this methodology may be applied to other economically marginal reservoirs that have similar producibility problems.
Summary of Technical Progress
Literature compilation
A project bibliography was assembled during the first weeks of the project to assist the project team with reviewing the existing literature dealing with slope and basin clastic (Class 111) reservoirs, the regional geology of the southern San Jaoquin Basin, and the petroleum geology of the Midway-Sunset Field and similar ,oil fields in southern California. The bibliography was developed from GeoRef TM and the personal libraries of the project team members. It is organized using EndNoteB and will be released as part of the overall project database in both an EndNoteB and a "rich text" format.
Assembly of digitized log suites
Development of a stratigraphic framework
In advance of developing a reservoir model for the Pm Fee demonstration site, the stratigraphy of the project site is being characterized in considerable detail. The goal is to (a) develop a three dimensional representation of the major sand bodies and intervening barriers, (b) delineate the sedimentary facies and depositional setting, and (c) tie lithologic and petrophysical properties of the rocks to the geometric and depositional framework. Key to developing the stratigraphic model is correlation of log responses in the wells within the project area to the new production well drilled, cored and logged during the latter half of September. The project well log files (TerraStationTM database) that were transferred to Dr. Douglas Sprinkel in Salt Lake City have been examined and initial correlations made. However, the stratigraphic analysis will begin in earnest only after the new producer well logs and core analyses are available in late October.
Install lease production facilities
In preparation for the cyclic injection and production baseline tests at the demonstration site, the site has been resurveyed, the PLC panel has been upgraded with new dynamic surveillance software, many of the flowlines have been replaced, the production header has been repaired and modified, and a nearby idle fiesh water knockout (FWKO) has been converted to the Pru wet lact. Work has begun to convert the old Pru wet lact to a well tester. Under the supervision of Robert Swain (AWE), this task is nearly complete.
Return wells to production
Drill producer and observation wells
A new production well and an observation well near the center of the demonstration site were planned, permitted and drilled. The wells were completed and equipped in late September. The producer, Well No. 101, will be steamed for the baseline tests. The adjacent observation well is equipped for temperature monitoring during the steaming. A core was removed from the producer well with over 80% recovery. Missing intervals were subsequently sampled with sidewall cores. This task is now complete.
Reservoir characterization
Initial "trial" reservoir simulations have been started by Dr. Milind Deo and his graduate student Hong Mei Huang to examine model sensitivities for the Pru Fee demonstration site. Using reasonable reservoir properties for the Upper Monarch sand in the Midway-Sunset field provided by Robert Swain of AWE preliminary simulations were performed to assess the effect of bottom water on cyclic and steam flood processes. The geometric parameters match closely what is know known about the demonstration site in the Pru Fee property and conventional AWE production methods. The initial models found that in both the cyclic steam and the steam flood processes, the presence of bottom water decreased production, but not significantly. This was due to heat losses to the water zone. In general, the bottom water has lesser impact on the steam flood process than on the cyclic process. The reservoir simulations are continuing as more site specific data are made available from other team members in the course of the ongoing stratigraphic and reservoir modeling studies.
